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Abstract 
This study investigated drinking water quality in two Palestinian refugee camps (Aida 
and Alazzah; Bethlehem, West Bank).  Water samples (n = 720) were collected at three 
different sampling points along the water distribution line, including community tanks, 
network pipes and  house taps, and analyzed for total coliform and E. coli bacteria and 
residual chlorine. Samples were collected over 16 months from March 2016 to June 
2017. The results show that water from the community tanks, where water is delivered to 
the camps, were relatively free of bacterial contamination and had the highest residual 
chlorine concentrations.  In contrast, water quality deteriorated downstream of the tanks 
in both camps. A total of 15/200 and 2/77samples of network-pipe water from Aida and 
Alazzah Camps, respectively, had elevated levels of total coliform bacteria, and a total of 
51/281 and 7/100 samples collected inside homes in Aida and Alazzah Camps, 
respectively, had elevated levels of total coliform bacteria. E coli was detected in 2 
samples from Aida Camp and 1 samples from Alazzah Camp The average residual 
chlorine was 0.02 mg/L, network pipe and tap water samples, which is significantly less 
than WHO recommendations (0.2 - 0.8mg/L).  These results indicate that the water from 
the community tap was mostly clean. Conversely, the drinking water in the two camps is 
contaminated both in network pipes and water tanks. The concentration of residual 
chlorine is interlinked with water quality which decreases over the distance the water 
travels through the system. Thus, the water samples from the households farthest from 
the community tap were most contaminated by bacteria. The study recommended for 
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Bethlehem Water Authority to increase the chlorine in drinking water according to the 
international standards, and should work with UNRWA to restore and replace the water  
pipe networks; also they should take action for regular water testing and share the results 
with the residents of the camps. NGOs that work across the camps can host workshops 
for the community to inform the residents about water safety and conservation. 
Moreover, future studies shall be conducted by responsible parts from Bethlehem water 
authority, UNRWA, and NGOs to better understand water quality in the camps. 
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Chapter One 
Introduction 
 
1.1 Background 
The West Bank has one of the shortage water availabilities (per capita supply) in the 
world. The country’s water scarcity is due to both natural and man-made constraints, 
mainly resulting from the Israeli occupation. For 70 years, Israeli occupation has denied 
Palestinians their water rights, including the right to equitable and reasonable utilisation 
of shared water resources. As a result, Palestinians suffer from lack of adequate water 
(ARIJ, 2011).The long conflict between Israel and Palestinians since 1948 until the 
present has revolved around the elementary bonds of people and territory. Water is the 
most important natural resource determining the relationship between populations and the 
land.  
 
Following the 1967 War, Israel took full control of water resources and, together with a 
water supply network, developed wells throughout the West Bank linked to the Mekorot 
network to serve the settlements (Stork, 2016). Israel’s expropriation of water resources 
within areas captured during the wars of 1948 and 1967 gave Israel full control of all 
Palestinian water and land resources, as well as the Golan Heights. Furthermore, the first 
stage of Israel’s water development concentrated on tapping all available renewable 
groundwater reservoirs, including those on the West Bank extending into Israeli property 
(Birzeit Strategic Studies Forum, 2013).  
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In 1993 and 1995, Israel began peace talks with Palestine culminating in the Oslo Treaty, 
which addressed water regulation (The Birzeit Strategic Studies Forum, 2013). Despite 
the Oslo agreement’s success in recognising Palestinian water rights, these rights have 
never been enacted. The agreement neglected to address the Palestinian water share in the 
Jordan River, as well as the shared Western and Northeastern aquifers of the West Bank 
Aquifer System. Moreover, it ignored the issue of equitable and reasonable allocation of 
the available water resources, and failed to account for future population increase. 
Consequentially, the water quantity allocated for Palestinians has not changed since 1995 
(Khairand Abu Mohor, 2017). 
 
The future needs were estimated at 70-80 million cubic meters (MCM) a year, but there 
was never an indication of future demands, thus hindering socio-economic development. 
Palestinians have access to roughly 20% of the estimated potential of the aquifers lying 
beneath the West Bank, while Israel overdraws on the estimated potential by more than 
50% (World Bank, 2009). 
  
In 2002 the Israeli government started to build the annexation and expansion wall along 
the Green Line inside the Palestinian occupied land of 1967. The Wall is 728 kilometres 
long and 8 meters high, situated on undeclared borders and thus penetrating Palestinian 
territory. The wall depletes land and natural resources. Overall, 85% of the water wells 
and resources in the West Bank are controlled by Israel (MAP, 2012). 
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Due to the lack of sufficient available water resources, the West Bank depends on water 
bought from Mekorot. Ironically, this is water that Israel takes from the rightful but 
denied Palestinian share, before selling it back to them. Around 35% of West Bank water 
comes from its own well resources, and the remaining 65% is purchased from Mekorot 
and managed by the Palestinian Water Authority (PWA, 2011). Due to unreliable water 
delivery, virtually every Palestinian house has several water tanks to store additional 
water. Comparatively, Israeli settlements have no need for water tanks because the water 
comes directly from the main sources to the tap (PCBS, 2015a).  
 
This system has granted Israel further control over Palestinian access to water. With 
water demand increasing in the hot spring and summer months, supplies to Israeli 
settlements are privileged over Palestinian areas in the West Bank. Every year, water 
supply to Palestinian areas is cut off for days at a time. The water consumption of 
Palestinians in the West Bank is 70 litres per capita per day, compared to Israelis’ 300 
litters per capita per day. The World Health Organization (WHO) minimum standard per 
capita is 100 litres per day. Thus, the water consumption of Palestine is well below the 
WHO's minimum standard (PWA, 2014d). 
 
In the West Bank, water quality is placed at risk by inadequate and intermittent water 
supplies. Supplies are often contaminated with heavy metals, toxic organic compounds 
and microbial pollutants. The problem is more significant in springs and water tanks 
(Bellisari, 1994). Furthermore, all the biological agents enter the groundwater from 
sewage seepage, fertilizers and leachate from solid wastes, which then can cause disease. 
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Studies show that more than one third of deaths in developing countries are caused by 
water-borne diseases (Jalal, 1998). While the chemical agents such as heavy metal 
accumulation which contaminates water can result in liver, kidney and brain damage 
(Bellisari, 1994). 
1.2 Literature Review 
According to a field assessment of health conditions in occupied Palestine (WHO, 2016), 
the water quality varies widely in the West Bank. Urgent concerns have arisen about the 
rising bacteriological and pesticide concentrations in the water supply, as well as the lack 
of resources for chemical analyses and water treatment. The Environmental Health 
Department of the Palestinian Ministry of Health reports that 15.75% of all water 
network samples failed bacteriological testing in 2015, and approximately 20% of 
hospital reservoirs and 20% of locally produced bottled water failed faecal coliform tests 
in the previous year (WHO, 2016). 
The environmental situation is also affected by the unstable political situation, and the 
declining economic situation has led to a decline in the microbiological, physical and 
chemical water quality in Palestine. Al-Khatib and Eshkair (2018) discovered that the 
annual rate of chlorine usage in the districts of West Bank is 0.483 gram/capita which is 
an acceptable limit according to international standards. The study indicated that 22.2% 
and 12.5% of the tested water samples from wells in the West Bank for total coliform and 
faecal coliform bacteria, respectively, exceeded the Palestinian and WHO guideline 
limits. Therefore, action should be taken to better characterize this problem, including the 
development of a suitable inspection program on water sources, sample collection and 
testing. To begin improving water quality, consistent distribution of chlorine to all 
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districts is essential, and wide public awareness campaigns for water disinfection should 
be conducted. An initiative to rehabilitate existing water networks, particularly in the 
main cities, and to create new networks in communities without them will significantly 
improve water quality (Al-Khatib I. et al., 2018). 
Relatively few studies have been published on water quality in the West Bank. The only 
studies found in the literature that have evaluated water quality in Palestinian refugee 
camps, especially Aida and Alazzah camps were conducted by the Water: Systems, 
Science and Society (WSSS) program at Tufts University and Lajee Center in Aida 
refugee camp (WSSS , 2012). Both the Bethlehem Water Municipality and UNWRA 
refused to share their data about water quality in the region with this research group. In 
this context, this study is invaluable in offering open and available data about a vital 
issue.  
The Middle East Monitor reported on a water problem in October 2017 in Al-Fawwar 
refugee camp, south of Hebron in the West Bank, where more than 300 people fell ill due 
to contaminated drinking water. Most of the people were infected with amoebae and 
bacteria after sewage water was mixed with drinking water in the camp. The responsible 
authorities were called, and they quickly acted to prevent a larger health epidemic due to 
damages to the drinking water pipes (The Middle East Monitor, 2017). Likewise, in 
2009, Ma’an News reported that water contamination existed in Dheisheh (a refugee 
camp in Bethlehem), where drinking water and sewage were mixed due to poor quality 
water networks.   
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According to the US EPA National Primary Drinking Water Regulations (2017), faecal 
coliforms and E. coli are bacteria that indicate water may be contaminated with human or 
animal wastes, which often contain disease-causing microbes (pathogens). These wastes 
can cause diarrhea, cramps, nausea, headaches, or other symptoms. These pathogens pose 
a special health risk for infants, young children and people with severely compromised 
immune systems (EPA, 2017). According to WHO (2002), the standard for coliform 
bacteria in drinking water is less than 1 coliform colony forming unit per 100 millilitres 
of sample(< 1/ 100mL).  
WHO reported that disinfection such as chlorination reduces pathogenic microorganisms 
in the water to levels that satisfy public health standards. This prevents 
the transmission of disease such as typhoid, cholera and hepatitis. In general, free residual 
chlorine should be maintained at a concentration of 0.3-0.5 mg/L (Water Research 
Watershed Center, 2014). 
1.3 Study Site and Research Motivation  
This study was conducted in two Palestinian refugee camps in Bethlehem, Aida and 
Alazzah camps (Figure 1.1).Aida Camp is a Palestinian refugee camp located in the north 
of Bethlehem in the West Bank between the municipalities of Bethlehem, Beit Jala and 
Jerusalem. Aida camp is surrounded by the Annexation and Expansion Wall and six 
military watchtowers, and is near to HarHoma and Gilo, two large Israeli settlements that 
are illegal under international law. Aida Camp has an area of 0.71 square kilometres and 
a population of 5,800 registered refugees (Stopwall, 2018).After the Oslo Accords, the 
majority of Aida camp fell under Palestinian control (Area A), while some of its 
periphery (such as the main road running alongside the Annexation and Expansion Wall) 
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fell under Israeli control (Area C). Aida camp faces severe overcrowding problems. Poor 
personal safety and denial of access to infrastructure are also cited by camp residents as 
among the most urgent challenges they face.  
Alazzah camp is the smallest refugee camp in Bethlehem area in both size and 
population, covering only 0.02 square kilometres with a population of 1337 registered 
refugees (UNRWA, 2017). The United Nations Relief and Works Agency (UNRWA) 
established the Aida and Alazzah camps in 1950 (UNRWA, 2017). The camp has one 
main street, approximately two hundred and fifty metres long, that runs through the entire 
camp. In addition to the lack of services and overcrowding, Alazzah suffers from 
insufficient water and sanitation infrastructure. 
The camp is located within the Bethlehem municipality and is close to the main 
checkpoint between Bethlehem and Jerusalem. As Aida camp is only ten minutes away 
by foot, the two camps are served by the same UNRWA camp services officer, sanitation 
foreman and social worker. There are no schools or active community-based 
organizations (CBOs) in Alazzah Camp. Residents instead use the institutions located in 
Aida camp. The houses in both camps are connected to public water and electricity 
infrastructure (UNRWA, 2017). 
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Figure1.1: Aida and Alazzah Camp, West Bank/Palestine (Study Area) (credit: Shatha 
Alazzah, 2018) 
As with all refugee camps, Aida and Alazzah suffer from chronic water shortages, 
especially in the summer, when the water is cut off for two or three weeks between 
deliveries. Due to this fact, there are water tanks on every roof to store water (UNRWA, 
2012). According to information provided by Bethlehem Water Authority, 9000 CM of 
water are delivered to Aida each month, meaning around 51 litres per capita per day. In 
comparison, 2500 CM of water are delivered to Alazzah each month, meaning that 62 
litres per capita per day. 
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Aida and Alazzah camps are connected to the Bethlehem municipal water supply. 
However, the old, degraded water networks that were installed in the mid-1950s 
(UNRWA, 2012) are a major problem in the two camps. The camps sewer lines were 
installed in the mid-1990s, a process which damaged several branches of the water piping 
distribution network. (The sewage networks in Alazzah camp were changed in June 
2017). The water and wastewater networks maps in Aida and Alazzah camps are included 
in Appendix A. When water is delivered to the camps, typically every two weeks, the 
community tank (Figure 1.2) is filled with water before it is pumped to households 
through the camp’s piping network, which then distributes the water to the houses. Most 
houses have electric pumps that provide the necessary pressure from downstairs to the 
roof to fill the rooftop storage tanks. These tanks are then connected to the tap. Figure 1.3 
shows the rooftops with water tanks in Aida camp. However, sometimes even with 
rooftop tanks, there is no water for basic daily necessities. When household water runs 
out, residents are forced to buy small amounts of bottled water, or in some cases to buy 
large amounts of expensive tanker water or collect water directly from the community tap 
(BWA, 2017). 
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Figure 1.2: Community water storage tanks in Alazzah Camp (left) and Aida Camp 
(right)(photo credit: Shatha Alazzah, 2017) 
 
 
 
Figure 1.3: Rooftops with Water Tanks in the Aida Refugee Camp (photo credit: Shatha 
Alazzah, 2017) 
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1.4 Aim and Objectives 
 
The main aim of this study was to investigate the quality of drinking water in two refugee 
camps (Aida and Alazzah) in the Bethlehem area.  
Specific objectives were to: 
1. Characterize the spatial and temporal distribution of E.coli and total coliform 
bacteria as well as residual chlorine in tap water samples collected throughout the 
two camps. 
2. Identify the main factors that govern the variation of these water quality 
indicators. 
3. Measuring the residual chlorine in order to assess its efficiency in disinfecting 
harmful bacteria. Furthermore, this research seeks to determine the pollution 
source. 
 
 
 
 
 
 
 
 Chapter Two 
Coliform Bacteria, Health Effects and Prevention 
 
2.1 Coliform Bacteria  
The biological quality of drinking water is determined by tests for coliform 
bacteria. These organisms are found in the environment and feces of all warm-blooded 
animals including humans. They are also found in plant and soil material. Coliform 
bacteria are members of the Enterobacteria family, a group of pathogens that are defined 
as facultative anaerobic, non-sporulating, Gram-negative  rods that can ferment lactose 
with the production of acid and gas when incubated at 35–37°C. Typical genera of 
coliform bacteria include: Citrobacter, Enterobacter, Hafnia, Klebsiella and Escherichia 
(DOH, 2016). 
Coliform bacteria are unlikely to cause illness. Whilst they are not considered to be 
pathogens, their presence in water indicates potential pathogenic contamination. Because 
coliforms come from the same sources as pathogenic organisms, they also give a general 
indication of the sanitary condition of a water supply (Cabral, 2010).Most pathogens that 
can contaminate water supplies come from the feces of humans or animals. There are 
three groups of coliform bacteria. Each is an indicator of drinking water quality and each 
has a different level of risk. Total coliform is a combined collection of different kinds of 
bacteria, including bacteria found in the soil and water that has been exposed to warm-
13 
 
blooded animals waste or bacteria on the water surface or in contaminated water supplies. 
Faecal coliform are types of total coliform bacteria and they exist in the intestines and 
feces of humans and other animals, which are a more accurate indication of 
contamination than the total coliforms. Escherichia coli (E. coli) is a subgroup of faecal 
coliform, and is considered a better indicator of faecal pollution and the presence of 
human pathogens than either fecal or total coliforms. The Palestine Standards Institute, a 
branch of the International Organisation for Standardisation, established drinking water 
quality standards based on those of the WHO, which states that zero E.coli or other 
coliform colonies should be present in treated drinking water (WHO, 2001). 
2.2 Health Effects and Prevention of Coliform Bacteria in Drinking Water 
In many Palestinian urban areas, drinking water is a source of bacterial infection, mainly 
by pathogenic strains of coliform bacteria (Bellisari, 1994). Infections with certain 
coliform bacteria can result in illness. Diarrhoea is the most common result of a coliform 
bacterial infection, ranging from mild and watery to severe and bloody, and is responsible 
for an estimated two million deaths and four billion episodes of sickness worldwide each 
year (WHO, 2007). While E.Coli is a type of coliform bacterium known to cause 
gastrointestinal illnesses, the E.coli O157:H7 strain produces a toxin called Shiga that can 
cause haemorrhagic diarrhoea and kidney failure (WHO, 2008). Also, E.coli can cause 
urinary tract infections (UTIs), primarily in women. These infections are especially 
common in pregnancy due to hormonal changes and physical pressure on the urinary 
tract. UTIs are generally treatable with antibiotics, although the number of antibiotic-
resistant strains of E. coli is growing (Greenwood, 2012). 
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Pathogenic faecal coliforms in water supplies can cause gastroenteritis, characterized by 
vomiting, abdominal pain, fever, and diarrhea, all general symptoms of gastroenteritis, 
but especially common with salmonella infection. Moreover, some strains of salmonella 
cause typhoid fever, which is a systemic disease characterized by flu-like symptoms: 
headaches, abdominal tenderness, dry coughing, loss of appetite, rash, and fever.  
The prevention methods for bacterial infections include boiling water in order to kill the 
microorganisms (and using the boiled water within 24 hours), chemical disinfection 
(chlorine tablets), regular cleaning of water tanks and the replacement old ones, bottled 
water, filtration, and changing old network pipes (WSSS, 2012). 
2.3 Residual Chlorine in Water 
Chlorine was discovered in 1774 by the chemist Karl Scheele (White, 1986). Chlorine is 
effective for the treatment of bacteria, viruses, and some protozoa when dissolved and 
mixed in water. Therefore, chlorine ensures that clean water reaches the tap, whereas 
other disinfection methods such as ozone, UV light and ultra-filtration are unable to 
prevent the regrowth of biological contaminants (Wijk, 2002; Gray, 2002).  
Hypochlorous acid (HOCl) and hypochlorite ion (OCl
-
) are suitable to protect water 
against infective agents from the point of chlorination to the point of use (HACH, 2015). 
Although the main objective is to disinfect water for necessary health reasons, the water 
source should also meet aesthetic criteria, including appearance, taste, and odour. It is 
important to add sufficient chlorine to water to meet the chlorine demand and provide 
residual disinfection. The most commonly used disinfectant is chlorine due to its low 
cost, high germicidal potency and the ability to maintain residuals (WHO, 2004).  
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During the treatment process, chlorine is added to drinking water as elemental chlorine 
Cl2(g), sodium hypochlorite (NaOCl), which is available as a liquid, or calcium 
hypochlorite (Ca(OCl)2) in the solid form. Regardless of the form of chlorine, it will react 
with water and produce hypochlorous acid (HOCl), and hypochlorite (OCl
-
). The mixture 
of both HOCl and OCl
- 
is considered free chlorine residual and referred to as Free 
Available Chlorine (FAC). The proportion of the two species (HOCl and OCl
-
) is pH 
dependent (Deborade and Gunten, 2008). 
The chlorine gas reacts with water producing HOCl and OCl
-
according to equations (1) 
and (2) (White, 1999; Deborade and Gunten, 2008). 
Cl2 +H2O   HOCl + H
+
 + Cl
-      
(1) 
HOCl  OCl- + H+                                  (2) 
OCl
- 
+ H
+     HOCl                     (3) 
 
The concentration of free available chlorine decreases for different reason as treated 
water moves through the water supply system. The contact time, from when chlorine is 
first added and reacts with any impurities in the water, until the moment in which the 
water is used or consumed, are the most important factors. Clearly, such a period is 
decreased by the time water spends in the supply system. FAC is dependent on the pH 
level of the water prior to addition of chlorine. At lower pH levels, the hypochlorous acid 
will dominate (Razieh S.et al., 2014).  
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Another factor affecting the concentration of FAC is constituted by the chlorine-impurity 
reactions. When impurities in water react with chlorine, including dissolved iron, 
hydrogen sulphide, bromine, ammonia, nitrogen dioxide, and organic material, it will first 
react with inorganic impurities (dissolved iron, bromine, ammonia, etc.) before reacting 
with the organic compounds (dissolved organic material, bacteria, viruses, etc) (Hancock, 
2017). 
FAC decreases when reacting with the pipe material itself. Especially, if the pipes are 
older than 55 years, the reactions with both the biofilm and tubercles formed on the pipe 
wall are known as pipe wall demand, which decreases the concentration of FAC when 
reacting with it (Muslim, 2007). 
 
Additionally, as iron tanks corrode from the bottom, rust is produced and gives water an 
undesirable metallic taste. Moreover, iron is one of the inorganic compounds that react 
with hypochlorous acid and, as a consequence, dissolved iron will change from a soluble 
state to an insoluble one. At this point, a precipitate is formed as a result of the reaction as 
shown in equation (4) (Hancock, 2017).  
2 Fe2+ (liquid) + HOCl + 5H2O -> 2 Fe(OH)3 (solid) + 5H+ + Cl
-
 
Then, Ammonia is a compound that may exist in the water from human activities 
including municipal wastewater treatment plants, agricultural releases, and industrial 
releases, such as pulp and paper mills, mines, food processing, and fertilizer production. 
Reactions between ammonia and FAC will decrease its concentration (Hancock, 2017). 
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Chlorine is the most common chemical used for disinfection of drinking water (Lenntech, 
2017). The effectiveness of chlorine is based on the chemical’s ability to inactivate most 
pathogens that cause waterborne diseases (CDC, 2008). Because of that, it is important to 
add sufficient chlorine to the water to provide residual disinfection. Bethlehem Water 
Authority has to follow specific water quality standards, including those addressing 
bacterial growth and residual chlorine. That is why they chlorinate the water to guarantee 
a range of 0.5 – 0.8 mg/L. Chlorine in the water before it is delivered to the camps. 
Appendix E includes the history of chlorine from PWA in Bethlehem reservoirs from 
March 2016 to May 2017. Therefore, the water entering the camps should be free of 
bacterial contaminants (WHO, 2006). While Appendix F includes general chemical 
analysis of Bethlehem water wells in 2016 and 2017.  
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Chapter Three 
Materials and Methods 
 
3.1 Water Distribution Systems in Aida and Alazzah Refugee Camps 
This study was carried out in two Palestinian refugee camps in Bethlehem area, Aida and 
Alazzah camps. Water samples were obtained at three different points: the community 
tank (the main source), the distribution system prior to entering houses and in-house taps, 
as shown in Figure 3.1.  
 
Figure 3.1: The locations where water samples were collected in the water distribution 
system (Credit: Shatha Alazzah). 
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The water is delivered through piping networks from the Bethlehem Water Authority to 
the main water tanks in the camp before it is pumped to households through the camp’s 
distribution network. Testing this supply determines if the water that arrives in the camps 
is contaminated. The second source is the water tap from the water pipe networks. These 
samples were collected before the water was delivered to the water tanks by the electric 
pumps. Testing this determines if the water pipe network is contaminated. The third 
source is from the kitchen/bathroom/entryway taps from houses in the camps. Testing 
this determines if the water is contaminated in the housing tanks. 
No maps of the camps were available from either UNRWA or from Bethlehem 
Municipality, but with the help of cartographer volunteers, maps for the camps were 
prepared (Appendix B and C).  
3.2 Sampling 
The households were selected according to an Excel spreadsheet program that selects 
random house numbers in the camp. Water samples (n = 720) were collected and tested, 
520 and 200 water samples from Aida and Alazzah respectively. From these selected 
houses, water samples were collected. Each collection bottle (125 mL) was triple cleaned 
in the lab, first with chlorinated water, and twice with deionised and distilled water 
(DDW). To disinfect the water tap from pathogens, it was heated by direct flame for ten 
seconds, and then ran the tap for five seconds before collecting the sample. Information 
sheet of samples includes (Sample date, sample number, collection source, house 
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number, floor number, household name, contact phone number, and days since last water 
delivery) Appendix D. 
3.3 Microbiological Culture  
The samples were brought immediately to the lab no later than 3 hours after collection. In 
the lab, the samples were filtered using a hand-operated (manual) vacuum filtration 
apparatus, and each filter (0.45 micron pore size membrane filter) was placed in a petri 
dish with growth media (2 mL of m-ColiBlue24. The content of the m-ColiBlue24 
includes a non-selective dye, TTC (2, 3, 5-triphenyltetrazolium chloride). A blue colour 
is formed as a result of the enzymatic cleavage of the substrate. The plated bacteria were 
incubated at 35 ºC for 22±2 hours. This period allows the bacteria to grow to the extent 
that colonies are visible to the naked eye. After incubation, the petri dishes were 
examined for coliform colonies. Blue spots indicate the presence of E. coli colonies; 
glossy red spots indicate other coliforms. Total coliforms were calculated by adding 
together the number of blue and red colonies. While other coliforms are not necessarily 
harmful on their own, they are known as “indicator bacteria,” which appear in water that 
has been subject to some type of bacterial contamination (HACH, 2016). The positive 
control, which was taken from sewage water, was used to ensure that coliform bacteria 
will grow in the media under the incubation conditions if bacteria are present, whilst the 
negative control was taken from unopened bottles of drinking water, which is used to 
ensure that bacteria are not present in the materials used to prepare the samples for 
placement on petri dishes (“plating”). A negative control and a positive control were 
performed before every day’s collection 
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                Figure 3.2: Water Sample Bottles and Laboratory Equipment 
 
Figure 3.3: Coliform Colonies 
 
3.5 Residual Chlorine Testing 
The same water samples that were tested for bacteria were also tested for residual 
chlorine, by means of a portable spectrophotometer and methods describe by HAHC 
(2016).  
Chlorine residual was measured in glass colorimeter tubes. The tubes were first triple-
rinsed with water from the tap being tested, and then filled to the 10-mL line with sample 
E.coli 
Coliform  
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water. The outside of the tube is cleaned by wiping to ensure no potentially contaminated 
fingerprints are left. The tube is then inserted into the colorimeter chamber, followed by 
pressing the ZERO button, which is held for 2 seconds until bLA is displayed on the 
screen. Then the tube is removed from the colorimeter chamber, one DPD #1 IG reagent 
tablet is added into the water sample (without touching the reagent), and the lid is closed. 
The tube is shaken for 20-30 seconds, until the reagent has been dissolved. The tube is 
rotated slowly five times. Consequently, through this reaction, the free available chlorine 
reacts with the buffered diethyl-p-phenylenediamine indicator (DPD) to produce a red 
colour in proportion to the amount of chlorine present DPD + residual chlorine → red 
colour (HACH, 2016). Then the tube is inserted into the colorimeter chamber, the lid is 
closed, and the READ button is pressed. The chlorine residual in mg/L will be displayed 
within two seconds. Lastly, the results are recorded in a data log.The range that the 
device can measure is 0 – 4.00 mg/L with a detection limit of 0.05 mg/L, which is the 
minimum concentration that can be measured with 99% confidence by the device 
(Lamotte, 2011). 
3.6 Quality Assurance 
Water samples were collected in sterilised bottles that were rinsed three times, first by 
chlorinated water, then by DDW water and finally by the same source being collected. 
After collection, the samples were analysed directly within one hour, and after 24 hours 
the samples were directly removed from the incubator. Positive and negative controls 
were used for quality assurance; the positive control was from sewage water while the 
negative control was the bottled water. The media of coliform bacteria were kept 
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refrigerated. Two samples were collected from the same source to ensure greater 
accuracy.   
The residual chlorine was measured directly onsite, and the external calibration was 
performed with different residual chlorine concentrations (0.0, 0.02, 0.05, 0.1 0, 2, 0.5 
mg/L) before each test. 
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Chapter Four 
Results and Discussion 
 
4.1 Microbial Water Quality Results from Aida and Alazzah Camps 
A total of 720 water samples (n = 720) were collected from Aida and Alazzah refugee 
camps at three different sampling points  including community tanks and taps outside and 
inside houses. Samples were collected over the course of 16 months, from March 2016 to 
June 2017. A comparison between the main characteristics of Aida and Alazzah camps 
are presented in Table 4.1.  
Table 4.1: Comparison between the Main Characteristics of Aida and Alazzah Camps 
Characteristics Aida Camp Alazzah Camp 
Area 0.71km
2
 0.02 km
2
 
Population 5800 1337 
Total samples 520 200 
Samples contaminated with coliform 66 9 
Samples contaminated with E.coli 2 1 
Percent contaminated samples 13% 5% 
 
A total of 520 water samples (n = 520) were collected from Aida camp between May 
2016 and June 2017, and 66 of these samples tested positive for total coliforms while two 
tested positive for E. coli. Positive samples indicate that one or more colonies were 
found. A total of 200 water samples (n = 200) were collected from Alazzah camp 
between March 2016 and June 2017. Nineof these samples tested positive for total 
coliforms while one tested positive for E. coli. A summary of the samples collected in 
Aida and Alazzah camps is presented in Tables 4.2 and 4.3.  In Aida camp, 87% of the 
total water samples exhibited clean water, meaning a total of 452water samples from 520 
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were not contaminated. In Alazzah camp, 95% of the total water samples showed clean 
water, meaning a total of 190 water samples from 200 were not contaminated.  
Table4.2: Microbial Quality of Water Samples for Aida Camp 
Sample Date Number of samples 
Number of samples with colonies 
E.coli Total coliform 
May - December 2016 240 1 41 
January – June 2017 280 1 25 
Total 520 2 66 
 
Table4.3: Microbial Quality of Water Samples for Alazzah Camp  
Sample Date Number of samples 
Number of samples with colonies 
E.coli Total coliform 
March- December/ 2016 100 1 6 
January - June/ 2017 100 0 3 
Total 200 1 9 
 
The water samples were collected during different periods of the year in both camps, and 
on different dayssince the last water delivery to the water tanks as reported by the 
residents.The sample profiles in terms of water delivery in Aida and Alazzah Campsare 
shown in Figure4.3. It shows that 21% of the water samples (n = 154) were collected on 
the same day that the water was delivered to the water tanks from the community tank, 
while 16% (n = 118) of the samples were collected one day after the water was delivered 
to the camp. A total of 97 water samples (13%) were collected five days after the water 
was delivered to the water tanks. Four water samples (n = 4) 0.6% were collected during 
the ninth day after the water was delivered to the camp.  
The water samples were collected randomly, so although most of the water samples were 
collected on the same day the water was delivered to the camp, it does not mean that the 
camp gets water most of the days. In fact, the camps usually receive water around three 
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times a month in the summer time and four times a month in the winter. Another 
observation is that although less than 1% of the samples were collected eight days after 
the water was delivered to the camps, 75% of those were contaminated compared to only 
4% of the samples collected on the same day the water was delivered to the camps. The 
percentages of the positive results are shown in Figure 4.2. 
 
 
Figure 4.1: Percent of water samples collected since the last water delivery to Aida and 
Alazzah Camps 
 
The results suggest that the water quality is affected by the frequency of water deliveries 
to the camps. The results in Figure 4.4 indicate that the water is contaminated by coliform 
and E.coli bacteria when there are water shortages for more than one week in the camps. 
Consequently, the potential for bacterial proliferation in the water tanks increases.The 
percentage of samples that tested positive for total coliforms was100% when the water 
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was not delivered to the camp for 9 days, and 17% when water was not delivered to the 
camp for one week .By comparison, only 4% of water samples tested positive when the 
samples were collected on the same day the water was delivered to the tanks.  
 
Figure 4.2: The Percentage of water samples that test positive as a function of days since 
the last water delivery to Aida and Alazzah Camps 
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Table 4.4: Samples profiles and percentages of positive samples in terms of water 
delivery in both camps 
Last Day Delivery  
(Day) 
No. of 
Collected 
Samples  
% of Collected 
Samples   
No. of 
contaminated 
samples  
% of  
contaminated 
Samples  
0 154 21.39 6 4 
1 118 16.39 8 7 
2 82 11.39 7 9 
3 61 8.47 5 8 
4 75 10.43 6 8 
5 97 13.47 10 10 
6 68 9.44 12 17 
7 46 6.39 8 17 
8 4 0.56 3 75 
9 4 0.55 4 100 
10 6 0.83 6 100 
11 5 0.69 5 100 
Total  N= 720  N= 80  
 
The water quality data also demonstrated how the bacterial contamination in the water 
changes with the season. The results showed different frequencies of total numbers of 
coliforms in the water by season, as shown in Figure 4.3. The total number of coliforms 
was higher during the hot season than during the cold season. 90% of the contaminated 
samples from Aida were collected during the hot season, while only 10% of the 
contaminated samples were collected during the cold season. In Alazzah camp, 100% of 
the contaminated samples were collected during the hot season. This suggests that the 
results depend on the availability of the water in the camp, which affects the bacterial 
contamination of the water. During the hot months, the frequency of water is a delivery to 
the camps is lower compared to the cold months. If the camps get water with less 
frequency, the water tanks and water pipe networks also receive less water. 
Consequently, the frequency of water contamination with bacteria tends to be higher in 
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the hot months likely because water sits in the tanks for longer periods (as residents try to 
conserve water between deliveries) and there is greater loss of chlorine residual.  
 
Figure 4.3: Frequency of coliform bacteria in water samples by season in both camps. 
The hot season extends from April – September; the cold season extends 
from October to March. 
 
4.2 Microbial Water Quality Results in Aida Camp 
4.2.1Community Tank 
The results of the water quality from the main source (community tank) in Aida camp in 
Table 4.5 show that two out of 39  samples were contaminated with coliform bacteria 
(n=2). This means that 2.5% of total water samples from the community tank were 
contaminated by coliform bacteria during hot season in June 2017, during the lengthy 
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Table 4.5: Data collection from the three water sources in Aida camp 
Source Water Samples Contaminated Samples 
Community Tank 39 2 
Water Pipe Networks 200 15 
Water Tanks (Tap Water) 281 51 
Total N =  520 N =  70 
 
4.2.2 Pipe Networks  
The second source (the water tap from the water pipe networks) shows that 7.5% (n = 15) 
of the water from network pipes was contaminated (Table 4.5). The cause of this problem 
is likely the condition of the water pipe networks, which are old and degrading, 
promoting contamination. Also, a few residents dig underground to reach the water 
networks and connect them directly to their houses in order to avoid shortages. Yet, doing 
this can break the sewage pipe network, which leads to the contamination of the clean 
water by the sewage water. (Appendix B includes the maps of water and sewage 
networks in both camps). This is exactly what happened in Aida camp in June 2015when 
drinking water at 10 homes became contaminated with high numbers of bacteria in one 
area of the camp. The cause was the broken water networks, located near the poor sewage 
networks, which led to the contamination of the water lines by the sewage water. The 
contaminated water was discovered when the water from the cistern of a house was 
tested, showing that sewage had leaked into the cistern. The water was then tested from 
the surrounding area by UNRWA, and was shown to be contaminated by bacteria. 
Consequentially, UNRWA replaced the lines of the sewage network with a new line. 
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Afterwards, the water was tested from the same area and all the results were negative for 
bacteria.  
The results in Figure 4.4 show the percentage of pipe-network water samples 
contaminated with coliform bacteria. The water pipe networks show a very low presence 
of coliform bacteria 7.5% in comparison to the tap water 18%. This demonstrates that the 
water arrived in the camp relatively free from coliform bacteria. Therefore, the problem 
of the contamination of water originates in part from the water networks but with the 
majority caused by contamination in the water tanks within the camps.  All the samples 
of positive results were during summer (dry season) between May and August. The 
results show 33.3% (n = 5) of water samples tested positive in August, while only 13% (n 
= 2) of water samples tested positive results in July. 
 
Figure 4.4: Percentage of pipe water samples contaminated with bacteria in Aida Camp 
(n = 15 samples). 
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4.2.3 Rooftop Water Tanks 
The results show 51 water samples (n = 51) were contaminated with bacteria, which 
means 18% of the rooftop-tank-water samples in Aida camp were contaminated (Table 
4.4). Regarding the results of contaminated water from the water tanks (tap water)as 
shown in Figure 4.5, it is may not always be due to lack of water quantity, but rather 
other factors, such as lack of cleanliness in the water tanks in the camp. Sometimes it is 
dangerous for the residents to the clean the water tanks, especially if they have many 
tanks on their small roof; here the results show16 water samples were positive likely 
because the tanks were not properly cleaned.  Another factor is that some families leave 
tanks open, and the results show 11 water samples were contaminated by bacteria in this 
case. There was one incident in Aida camp when there was a dead dove and a lot of 
tadpoles in the water tank, which were the likely source of bacterial contamination. The 
members of the household had symptoms such as diarrhoea, abdominal pain, fever, and 
vomiting. The family was notified of the water pollution. They then took action to clean 
the water tanks and added chlorine tablets into the water tanks. After this, the water was 
tested again and the result was negative. Another factor that affects the quality of the tap 
water is that pieces of cloth are sometimes put over the tap, which is done due to the 
belief that it is a procedure to keeps the water clean as a kind of water filtration; however, 
the cloth filters can be a source of bacteria to the water.  The results show that 8 
households that used cloth filters on their taps had contaminated water.  The results of 
water quality in Aida camp have indicated that water availability and quantity are 
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associated with the location of the houses in relation to the distance between them and the 
community tap. The homes at higher elevations in the camp were the last to receive water 
when it flowed from the primary source (community tap). Because of this, these homes 
experienced longer shortages and possibly worse water quality problems. The results 
show 34% (n = 18) of water samples were contaminated by bacteria when there were 
water shortages for more than one week in water tanks, which causes water 
contamination from the small amount of water lying on the bottom of the tank without 
replenishment from pipes. Therefore, the longer the period of water shortage, the higher 
the rate of water contamination.  
 
Figure 4.5: Percentage of Positive Samples in Water Tanks of Aida Camp Based on 
Different Factors 
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4.3 Microbial Water Quality Results in Alazzah Camp 
4.3.1 Community Tank 
Alazzah camp has a different geographical location than Aida camp. The camp receives 
water from alternate water sources in the area besides the community tank. These 
additional sources mean there is a higher water quantity (BWH, 2017). The summary of 
data collection from three sources- the community tank, water pipe networks, and water 
tanks - is presented in Table 4.6. The results of the water quality from the main source 
(community tank) in Alazzah camp show that only one water sample out of 23 samples 
was contaminated by coliform bacteria.  
However, there are differences in the elevations between Aida and Alazzah camps. In 
Aida camp, the first houses of the camp, near the community tap, have water before 
others, while the farthest houses are the last to receive water. Because of this, the water 
pumps are needed in order to push water up the hill. On the other hand, the topography in 
Alazzah camp, as shown in figure 4.8, is a slight downward slope. Because of that, most 
homes are likely to be at a lower elevation than the community tap, possibly making the 
pumping of water into household storage tanks faster, which means that most or all of the 
camp is able to fill their tanks from the primary source when the water is available. 
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Figure 4.8: The elevation down the main road (line) in Alazzah Camp has a grade of 
about 3% from north to south (WSSS, 2016). 
Table 4.6: Data collection from the three sources in Alazzah 
Source Water Samples Contaminated Samples 
Community Tank 23 1 
Water Pipe networks 77 2 
Water Tanks (Tap Water) 100 7 
Total 200 10 
 
4.3.2 Water Pipe Networks  
The results suggest that bacterial contamination of drinking water from water pipe 
networks are not a widespread problem in Alazzah camp. The results of water pipe 
networks show a very low presence of coliform bacteria (n = 2) 2.6% from the total 
77samples. One possible cause of lower percentages of water contamination from the 
pipe networks compared to Aida isthe location of Alazzah,as it is in the middle of the city 
(the water is delivered from the Bethlehem Water Authority and Bethlehem 
Municipality), and there are several branches of water piping along the camp from many 
sources. Moreover, the sewage networks in Alazzah camp were changed in June 2017. 
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4.3.3 Rooftop Water Tanks  
The results show that water samples from seven rooftop tanks in Alazzah camp (7%) 
were contaminated with bacteria. Regarding the results of contamination from the water 
tanks (tap water), all occurred during the hot season. The source of contamination is 
likely due to several factors, the first being the lack of cleanliness in the water tanks, and 
another factor being that some families leave their water tanks open. Also, the relatively 
low percentages of residual chlorine affect the water quality in the camp (see section 4.4). 
 
4.4 Spatial and Temporal Distribution of Residual Chlorine in Aida and Alazzah 
camps  
Measuring the residual chlorine in a water supply is a simple but important method of 
checking that the water that is being delivered is safe to drink. The results in Figure 4.9 
show inadequate levels of residual chlorine in the water. Only a few results showed 
adequate levels of residual chlorine from the community tap as shown in figure 4.9. The 
average concentration of free residual chlorine at the beginning of water distribution line 
is 0.03 mg/l, and some samples of the households have high levels of residual chlorine in 
both camps, especially when located near the main source. Figure 4.9 shows different 
concentrations in different areas according to the distance from the main source. The 
average value of the residual chlorine in both camps is 0.02mg/L. According to the WHO 
free residual chlorine should not be ≥0.2 mg/L and is preferably ≤0.8 mg/L in water at the 
consumers’ homes (WHO, 2006).  
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Figure 4.9: The Concentration of Residual Chlorine and Percentages of Positive Results 
in rooftop tank water samples with Distance from the Community Tap in 
Aida and Alazzah Camps.  
 
When the water was tested directly after delivery, the amount of residual chlorine was at 
its highest concentration, and it decreased with distance from the community tanks. The 
concentration of the residual chlorine gradually decreases over time through the water 
pipes networks as well as in the water tanks due to reaction with the materials such as 
faeces of warm blooded animals and rust of the pipe networks and tanks (Goyal, 2014). 
When the result of the water sample was positive, the household members were informed 
directly about the result in order to take measures to disinfect the water. Moreover, 
UNRWA has been informed of the positive results to work directly with the affected 
households 
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Chapter Five 
Conclusions and Recommendations 
 
Water delivery by the Bethlehem Water Authority is governed by specific water quality 
standards, including tests related to bacterial growth and residual chlorine. Also, the 
water is chlorinated before being pumped to the camps. That explains why the water from 
the community tap was mostly clean, and the levels of coliform, when detected, were 
very low. Moreover, continued sampling of the community tap (every week) gave a more 
detailed understanding of the water quality from the community tap as well as from the 
pipe networks. 87% of taps sampled in Aida camp and 95% in Alazzah camp had clean 
water. Therefore, it follows that the water entering the camp is mostly free of bacterial 
contaminants. 
The Bethlehem Water Authority and UNRWA mentioned that the water pipe networks 
must be repaired and replaced, especially in Aida camp, as they have not been changed 
since their implementation. The water pipe networks in Alazzah camp, on the other hand, 
were repaired and replaced in June 2017.  
The sewage networks have not been replaced in both camps since 1992, and there has 
been cross-contamination between the sewage and the water supply networks. Moreover, 
UNRWA mentioned the poor infrastructure, its effects on the water quality and, 
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consequently, the potential risks for the health of residents inside both camps (BWA and 
UNRWA, 2017). For this contamination to have occurred, the structural integrity of both 
the sewer and water networks must be compromised. 
Another potential source of water contamination is the household water tanks, almost all 
of which have been in use for several years, leading to rust formation that can 
contaminate the water. Also, many of the water tanks lack tightly fitted covers, allowing 
the entrance of foreign contaminants, including visible organisms such as birds or frogs. 
Another factor that affects the water quality is that the water in these tanks sits for weeks 
in the sun on the roofs of the houses before being consumed. The warm and dark 
conditions are ideal for bacterial growth, especially in the summer when the temperature 
is between 35 and 40ºC (WHO, 2007). Moreover, many camp residents are unable to 
clean their tanks properly, as their roofs are crowded with water tanks, making it a 
dangerous area to walk on, let alone to fill or wash a tank. According to the results in 
both camps, 16% of the water samples could be contaminated because of the water tanks. 
Water quality results are affected by the distance between the community tap and the 
water tanks of the households, especially those located further away and at a high 
elevation, particularly in Aida Camp. As indicated by Figure 4.11 residual chorine 
decreased over time through the water pipes networks as well as in the water tanks. Thus, 
the water samples from the households farthest from the community tap in the camp were 
most contaminated by bacteria.  
UNRWA and Bethlehem Water Authority must take action to restore and replace the 
water pipe networks. Until this is done, all the household water tanks and all associated 
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pumps, hoses and piping, which are critical aspects of the camp water infrastructure, are 
potential sources of bacterial contamination and until now have had no organizational 
oversight. Cooperation between them and communities can be advantageous to both 
parties. 
The organizations that work across the camps can host workshops for the community to 
inform the residents about water safety and conservation, and provide easily accessible 
information, such as brochures or pamphlets. They should show ways in which to treat 
the harmful bacteria by using simple procedures, including boiling water, chemical 
disinfection by adding chlorine tablets, regular cleaning of water tanks, and filtration. 
Moreover, social media platforms, such as Facebook, could provide a new way to alert 
residents to new systems available, or to changes being made to the camps’ water 
infrastructure. This could be implemented by NGOs to encourage community volunteers 
to act on the problem and share information about the program. 
The information shared by community volunteers will educate the populations of the 
camps, which will then act as a pressure tool on the decision-making powers, such as 
UNRWA, to solve water quantity and quality problems. Particular effort should be made 
to educate students at local schools about the procedures which should be undertaken to 
clean the water.  
Fostering a relationship between UNRWA, Bethlehem Water Authority and the non-
governmental organizations in the camps, including the sharing of results and 
information, will help to find a solution for the water quality in the camps. For example, 
they can collaborate on methods such as distributing new water tanks to the residents and 
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repairing and replacing the water and sewage pipe networks, and should take action for 
regular water testing and share the results with the residents of the camps. 
Additionally, a relationship should be created between the Bethlehem Ministry of Health 
and the camp population in order to intervene on matters of contamination, as well as 
providing additional materials to educate those on the relationship between water 
contamination and health.  
Lastly, a water planning committee must be established as a part of a long-term planning 
strategy in both camps. The committee would include several community members of 
different ages, roles, and occupations; students, employees of the UNRWA lab; science 
teachers from local schools; interested local residents; and mothers from both camps. 
Gradually, an information base or water education manual should be created, with the 
possibility of amendment based on feedback from the community members in order to 
benefit the camp residents. Moreover, future studies shall be conducted by responsible 
parts from Bethlehem water authority, UNRWA, and NGOs to better understand water 
quality in the camps. 
 
 
 
 
 
 
42 
 
References  
 
 Al-Khatib, I., Eshkair, A. and Manasreh, N. (2018). Factors Affecting Water 
Quality in the West Bank and Gaza Strip of Palestine. [online] Available at: 
http://journals.ju.edu.jo/DirasatEng/article/view/704 [Accessed 23 Jan. 2018]. 
 American Public Health Association (APHA), (1995). Standard Methods for the 
Examination of Water and Wastewater, 19th Edition. Washington, D.C. 
 ARIJ, (2011).Access to Water and Wastewater ManagementintheoPt: Chapter 5, 
Accessto water and wastewater management in the OPT. Applied Research 
Institute – Jerusalem (ARIJ). November 2011. 
 Bellisari, Anna, (1994).Public Health and the Water Crisis in the Occupied 
Palestinian Teritories. Journal of Palestine Studies. Vol.23, No2 p55-61. 
 BWA and UNRWA. Interviewed by: Alazzah, Sh. (25th July 2017). 
 Cabral, J. (2010). Water Microbiology. Bacterial Pathogens and Water. MDPI. 
 Centers for Disease Control (CDC). Hygiene Related Diseases: Chronic 
Diarrhea. [online] Available 
at:http://www.cdc.gov/healthywater/hygiene/disease/chronic_diarrhea.html[Acces
sed 7 Jul. 2017]. 
 Deborde M. and Gunten U. (2008).Reaction of chlorine with inorganic and 
organic compounds during water treatment-Kinetics and mechanisms. Water 
Research, 42, 13-51. 
43 
 
 DOH, (2016). Coliform Bacteria and Drinking Water. [online] Available at: 
https://www.doh.wa.gov/Portals/1/Documents/Pubs/331-181.pdf [Accessed 23 
Jan. 2018]. 
 
 EPA, (2017). National Primary Drinking Water Regulations | US EPA. [online] 
Available at: https://www.epa.gov/ground-water-and-drinking-water/national-
primary-drinking-water-regulations [Accessed 23 Nov. 2017]. 
 Goyal, R. and Patel, H. (2014). Analysis of residual chlorine in simple drinking 
water distribution system with intermittent water supply. Applied Water Science, 
5(3), pp.311-319. 
 HACH, (2016). Is there additional information on methods for counting indicator 
and opportunistic organisms?. [online] Available 
at:http://hachcompany.custhelp.com/app/answers/answer_view/a_id/1003424/~/is
-there-additional-information-on-methods-for-counting-indicator-and [Accessed 3 
Aug. 2017]. 
 HACH, (2015). Chlorination, Chloramination and Chlorine Measurement. 
[online] Available at: 
http://file:///C:/Users/user/Downloads/L2129%20Rev1%20(1).pdf [Accessed 6 
June. 2017]. 
 Greenwood, V. (2012). E. Coli That Cause Urinary Tract Infections are Now 
Resistant to Antibiotics - 80beats. [online] Available at: 
http://blogs.discovermagazine.com/80beats/2012/05/02/e-coli-that-cause-urinary-
44 
 
tract-infections-are-now-resistant-to-antibiotics/#.Wv1d3e_RCUm [Accessed 26 
May. 2018]. 
 Hancock, N. and Hancock, N. (2018). What is Chlorination?. [online] Available 
at: https://www.safewater.org/fact-sheets-1/2017/1/23/what-is-chlorination 
[Accessed 23 Jan. 2017]. 
 Stopthewall, (2018). The Wall in Jerusalem and Bethlehem. [online] Available at: 
https://www.stopthewall.org/downloads/pdf/book/jerusalemandbethlehem.pdf 
[Accessed 19 Mar. 2018]. 
 Jalal H. (1998).Disinfection of drinking Water and By-products of Health 
concern. Textos Completes.  
 Khair, A. & Abu Mohor, E., n.d. Access to Water and Wastewater Management in 
the OPT. [Online] Available at: file:///Users/sattisalwan/Downloads/Chapter-
5.1%20(1).pdf [Accessed 1. July 2017]. 
 Lamotte, (2011). LaMotte Instructions and Manuals. [online] Lamotte.com. 
Available at: http://www.lamotte.com/en/support/instructions-manuals [Accessed 
19 Mar. 2018]. 
 Lenntech.com. (2017). Chlorine as disinfectant for water. [online] Available at: 
http://www.lenntech.com/processes/disinfection/chemical/disinfectants-
chlorine.htm [Accessed 11 Aug. 2017]. 
 MAP, (2012). The Impact of the Separation Wall on the right to health. [online] 
Available at: https://www.map-uk.org/downloads/reports/the-impact-of-the-
separation-wall-on-the-right-to-health-----map.pdf[Accessed 3 Aug. 2017]. 
45 
 
 Middle East Monitor, (2017). Water contamination the cause hundreds of 
infections in West Bank refugee camp. [online] Available at: 
https://ciiradio.com/2017/10/19/water-contamination-the-cause-hundreds-of-
infections-in-west-bank-refugee-camp/ [Accessed 20 Dec. 2017]. 
 Muslim, A., Li, Q. and Tadé, M. (2007). Simulation of Free Chlorine Decay and 
Adaptive Chlorine Dosing by Discrete Time-Space Model for Drinking Water 
Distribution System. Chemical Product and Process Modeling, 2. 
 
 Palestine Central Bureau of Statistics ( PCBS), (2015a). Household 
Environmental Survey, 2015 - Main Findings. Ramallah - Palestine. [online] . 
Available at: http://www.pcbs.gov.ps/Downloads/book2138.pdf [Accessed 28 
July. 2017]. 
 PWA, (2011).Annual Status Report on water resources, Water Supply, and 
Wastewater in the Occupied State of Palestine 2011. [Online]. Available at: 
http://www.pwa.ps/userfiles/file/%D8%AA%D9%82%D8%A7%D8%B1%D9%8
A%D8%B1/Annual%20Water%20Status%20report%202011.pdf[Accessed 28 
July. 2017]. 
 PWA, (2014d). Water Sector Policy. [Online] Available at: 
http://mwh.gov.jm/Library/Public/Water/DRAFT Water Sector Policy & 
Implementation Plan - February 2014.pdf [Accessed 28 July. 2017]. 
 Razieh SHEIKHI, M. (2014). Decay of Free Residual Chlorine in Drinking Water 
at the Point of Use. [online] Available at: 
46 
 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4433738/ [Accessed 26 May. 
2018]. 
 Stork, J, (2016). Water and Israel's Occupation Strategy. Middle East Research 
and Information Project. [Online]. Available at: 
http://www.merip.org/mer/mer116/water-israels-occupation-strategy [Accessed 1 
Aug. 2017]. 
 The Birzeit Strategic Studies Forum, (2013). Water in Palestine. [online] 
Available at: 
http://ialiis.birzeit.edu/sites/default/files/Water%20in%20Palestine.pdf [Accessed 
22 Dec. 2017]. 
 The World Bank, (2009). Assessment of Restrictions on Palestinian Water 
Development, Washington: International Bank for Reconstruction and 
Development. 
 UNRWA, (2012).  Profile: Aida camp Bethlehem governorate. [online] Available 
at: https://www.unrwa.org/sites/default/files/aida_refugee_camp.pdf [Accessed 23 
Jan. 2018]. 
 UNRWA,(2017). Beit Jibrin Camp | UNRWA . [Online] Available at: 
https://www.unrwa.org/where-we-work/west-bank/beit-jibrin-camp 
[Accessed 9 Aug. 2017]. 
 UNRWA, (2017). West Bank Camp Profiles: Aida Refugee Camp.[online] 
Available at: http://www.unrwa.org/etemplate.php?id [Accessed 9 Aug. 2017]. 
47 
 
 Water Watershed Center, (2014). Chlorination of Drinking Water. [online] Water-
research.net. Available at:http://www.water-research.net/index.php/water-
treatment/tools/chlorination-of-water [Accessed 17 May 2017]. 
 White G.C. (1986): The Handbook of Chlorination. Chlorination of Potable 
Water. New York, Vol.6, p256-393.  
 
 White G.C. (1999): Handbook of Chlorination and Alternative Disinfectants. New 
York, Vol.4, p213-219.  
 WHO, (2001). Indicators of microbial water quality. [online] Available at: 
http://www.who.int/water_sanitation_health/dwq/iwachap13.pdf [Accessed 23 
Jan. 2018]. 
 WHO, (2004). Guidelines for drinking water quality, 3rd ed., WHO, Geneva. 
 WHO, (2016). Report of a field assessment of health conditions in the occupied 
Palestinian territory. [online] Available at: 
http://apps.who.int/gb/Statements/Report_Palestinian_territory/Report_Palestinian
_territory-en.pdf [Accessed 23 Jan. 2018]. 
 Wijk D.V. (2002): Protecting Public Health. Water Chlorination, Euro Chlor. 
 WHO, (2006). A Compendium of Drinking-Water Quality Standards in the 
Eastern Mediterranean Region. Nasr City, Cairo, Egypt. 
 WHO, (2007). Global Burden of Disease: 2004 Update. World Health 
Organization, Geneva. 
48 
 
 WHO, (2008). Guidelines for Drinking-Water Quality, Third Edition: 
Incorporating the First and Second Addenda, Volume 1: Recommendations. 
World Health Organization, Geneva. 
 WSSS Palestine Practicum Report, (2012). Water Quality in Aida Refugee Camp 
Bethlehem, Palestine. [Online] Available 
at:http://emerald.tufts.edu/water/pdf/WSSSPalestinePracticumReport2012.pdf[Ac
cessed 19 July. 2017]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
49 
 
Appendices: 
Appendix A: The Maps of Water- and Sewage-pipe Networks in Aida and Alazzah 
Camps 
 
50 
 
51 
 
 
 
 
52 
 
Appendix B: The Maps of Aida Refugee Camp  
53 
 
 
 
54 
 
Appendix C: The Map of Alazzah Camp  
 
 
 
 
 
 
 
 
55 
 
Appendix D:Water 
quality and Houshold 
data sheet templates  
 
Appendix D:The 
history of chlorine 
from PWA in Bethlehem 
reservoirs 
 
56 
 
 
 
57 
 
58 
 
 
59 
 
60 
 
 
61 
 
62 
 
63 
 
64 
 
65 
 
 
66 
 
 
 
 
 
 
 
 
67 
 
Appendix F: General Chemical Analysis of Bethlehem Wells  
 
 
 
 
 
  
68 
 
  
69 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
70 
 
 
 17
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 صلخ  الم  
 ٌ ْزِ الأصيخ انًسزفحهخ يشرجطخأٔاحذح يٍ أكضش انًُبطق فٙ انؼبنى ػشضخ نُذسح انًٛبِ. ٔ /فهسطٍٛانضفخ انغشثٛخ
انزٙ ٔ ٕػٛخ انًٛبِأصشد ػهٗ َ ، فٓزِ انًشكهخنهًُبطق انفهسطُٛٛخ يٍ الاحزلال الإسشائٛهٙ كفبٚخ إيذاداد انًٛبِثؼذو 
يًب ٚؤد٘ فٙ انغبنت إنٗ آصبس  ؛يضم انجكزٛشٚب ،ًشضخخ انذقٛقخ ان  ًُثبنكبئُبد انحٛ ،انجٕٛنٕجٙرزؼشع نخطش انزهٕس 
 .انفهسطُٛٙ انًٕاطٍ سهجٛخ ػهٗ طحخ
انؼضح نلاجئٍٛ انفهسطٍُٛٛٛ فٙ يُطقخ ثٛذ ٔ فٙ يخًٛٙ ػبٚذح ،نهزحقق يٍ َٕػٛخ يٛبِ انششةأجشٚذ انذساسخ  إٌ ْزِ
، ا  ششٓ 61ػهٗ يذٖ  ػهٗ طٕل َظبو رٕصٚغ انًٛبِ فٙ انًخًٍٍٛٛ صلاس َقبط ػُٛخ يٛبِ ي 027جًغ  نحى، حٛش رى
  ٔ  iloc.E" (انقٕنَٕٛخٔ رنك يٍ أجم سثظ انزهٕس انجكزٛش٘ "انجكزٛشٚب  ).7102 رًٕص ٔحزٗ 6102 (آراسيٍ
، ٔرى انجكزٛش٘ ػلاقخ انكهٕس انًزجقٙ فٙ انًٛبِ ثُسجخ رهٕصٓب ثبلإضبفخ إنٗ، بدجًغ انؼُٛ ثًكبٌ ٔصيبٌmrofiloC(
 رحذٚذ انؼٕايم انشئٛسٛخ انزٙ  رغٛش يٍ يؤششاد َٕػٛخ انًٛبِ.
 إنٗ رشٛشانقٕنَٕٛخ فٙ انًٛبِ  جكزٛشٚبانظحخ انؼبنًٛخ ٔٔكبنخ حًبٚخ انجٛئخ الأيشٚكٛخ، فئٌ ٔجٕد ان نًؼبٚٛش يُظًخ طجقب
 انًٛكشٔثبد ًَٕ فٙ رزسجت ٔانزٙ، انحٕٛاَٛخ أٔ(انظشف انظحٙ)،  انجششٚخ ثبنُفبٚبد ،يهٕصخ ركٌٕ قذ انًٛبِ أٌ
 ٔأػشاع ،ٔانغضٛبٌ،ٔانظذاع،فٙ يُطقخ الأيؼبء ٔانًؼذح ٔرشُجبد الإسٓبل رسجت ٔانزٙ ثذٔسْب نلأيشاع انًسججخ
ٌ يٍ ٚؼبَٕ انزٍٚ ٔالأشخبص ٔالأطفبل انشضغ ػهٗ خخبط، طحٛب خطشا ًشضخان  ًُ انؼٕايم ْزِ ٔرشكم. أخشٖ
 يٍ أقم ْٙ انششة يٛبِ فٙ انقٕنَٕٛخ انجكزٛشٚب يؼٛبس فئٌ انظحخ انؼبنًٛخ، نًُظًخ ٔفقبأيشاع َقض انًُبػخ. ٔ
 ).يم 001/1(< انؼُٛخ يٍ يههٛهزش 001 نكم ثكزٛشٚخ ٔاحذح يسزؼًشح
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 إنٗنلأيشاع  انًسججخ انذقٛقخ انحٛخ انكبئُبد ، ًُٚغ ًَٕانكهٕسح يضم رؼقٛى انًٛبِ أٌ نؼبنًٛخا انظحخ يُظًخ أكذد
 ٔثٕجّ. انٕثبئٙ انكجذ ٔانزٓبة ٔانكٕنٛشا انزٛفٕئٛذ يضم عايشالأ اَزقبل ًُٚغ ْٔزا.انؼبيخ انظحخ ثًؼبٚٛش رفٙ يسزٕٚبد
 .نزش/  يهغى )5.0-3.0ثزشكٛض ( انًزجقٙ انكهٕس ػهٗ انحفبظ ُٚجغٙ ػبو،
ثًُٛب أظٓشد ثأَٓب ، يٍ انًظذس انشئٛسٙ نهًٛبِ نى ركٍ يهٕصخ أٌ يٛبِ انششة فٙ انًخًٍٛٛ َزبئج انذساسخ أظٓشد
% فٙ 5.7شجكخ انًٛبِ ٔخضاَبد انًٛبِ انًُضنٛخ، حٛش أظٓشد انُزبئج رهٕصب ثكزٛشٚب ثُسجخ يهٕصخ فٙ كم يٍ أَبثٛت 
% فٙ فظم انظٛف فٙ يخٛى 001% فٙ يخٛى انؼضح، ٔأظٓشد انُزبئج ثأٌ َسجخ رهٕس انًٛبِ 3يخٛى ػبٚذح ٔثُسجخ 
% فٙ يخٛى انؼضح، ٔأشبسد انُزبئج 7% فٙ يخٛى ػبٚذح ٔ ثُسجخ 81انًٛبِ فجهغذ  أيب انُزبئج انًشرجطخ ثخضاَبد. انؼضح
% يٍ َزبئج رهٕس انًٛبِ فٙ انخضاَبد يشرجطخ ثُقض كًٛخ انًٛبِ انٕاسدح إنٛٓب ٔرنك ثسجت اَقطبػٓب نًذح 04ثأٌ 
رشكٛض ًٛبِ ْٕٔ طٕٚهخ حٛش ٔطهذ إنٗ أكضش يٍ أسجٕػٍٛ فٙ فظم انظٛف. ُْٔبنك ػبيم آخش اسرجظ ثُٕػٛخ ان
-20.0، حٛش ثهغ يؼذل انكهٕس انًزجقٙ انكهٕس انًزبح أقم يٍ انزٕطٛبد انًحهٛخ ٔانذٔنٛخٔكبٌ يزٕسظ .انكهٕس انًزجقٙ
 %.71يهغى/نزش؛ الأيش انز٘ أدٖ إنٗ اسرفبع َسجخ انًٛبِ انًهٕصخ ثبنجكزٛشٚب انقٕنَٕٛخ ثُسجخ  100.0
إجشاءاد قذ ٚزى يٍ خلانٓب رقهٛم يشكهخ رهٕس انًٛبِ ٔيُٓب رُظٛف خضاَبد انًٛبِ رجبع ػذح ا ٔ فٙ انخزبو، فلا ثذ يٍ
 ٔإغلاقٓب، ٔكهٕسح  انًٛبِ حست يؼبٚٛش انظحخ انؼبنًٛخ ٔغهٙ انًٛبِ فٙ حبل ػذو انزأكذ يٍ طحزٓب.
